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ming. The shoulder girdle is massive and gives attachment to large, red, adductor and abductor muscles (Fig. 1) . In our 28.1 kg specimen the pectoral musculature weighed 4.5 kg, or 16% of the total weight. The total lateral body musculature, determined by removing one fillet as completely as possible and doubling its weight, was 7.7 kg. (The total lateral red muscle is small, 346.8 g, making up only some 3% of the total muscle.) The pectoral muscle is thus 37% of the total propulsive musculature. This is about twice the relative amount of red muscle in the rainbow trout (Webb, 1971 ) and about three times the maximum value for 10 scombrid species given by Magnuson (1973) . More apropos, the sen6rita (Oxyjulis californica), a labrid which relies on the pectorals for normal locomotion and lacks lateral red muscle, has about 2% of the body weight, and 5% of the propulsive musculature as pectoral red muscle (RHR, original data). In fact the pectoral musculature of Lampris is probably exceeded in relative bulk only by that of the freshwater hatchet fishes (25% of body weight in Gasteropelecus according to Ridewood, 1913) .
Microscopic examination reveals that the red pectoral musculature of Lampris is rich in mitochondria and the fibers are small in diameter (G. Dobbs pers. comm.) indicating that it probably functions physiologically as red muscle. According to the currently accepted hypothesis, red muscle is aerobic and used in continuous activity, and white muscle anaerobic and used in burst swimming (Bone, 1966). Our dissection does not agree with the multiplicity of muscles described by Le Danois. Rather, we find the normal complement (Allis, 1903; Greene and Greene, 1913; Winterbottom, 1974): a superficial abductor; an arrector ventralis; a deep abductor, divisible into an anterior and posterior part; an adductor, again with anterior and posterior divisions; and an arrector dorsalis. None of these muscles inserts on the pelvic rays, as indicated by Le Danois. The superficial adductor is much smaller than the deep one (Fig. 1) , and, together with the arrectores probably serves to control the angle of attack of the pectoral fin.
An unusual feature is the presence of a thick adipose layer of lipid and connective tissue under the skin. The cut edge of this layer is visible in Fig. 1 , just behind the operculum.
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The adipose layer is present only over the pectoral musculature, where it is from 7.5-15 mm thick, thinning posteriorly. (Le Danois reported a "Couche de grasse" 25 mm thick in her specimen of unstated size). The lipid material is predominantly triglyceride (C. Phleger, pers. comm.). It is tempting to speculate that the adipose layer might act as an insulator, allowing the maintenance of an elevated temperature in the pectoral musculature. However, there is no countercurrent heat-exchanger in the blood supply, making conservation of heat an apparently insuperable problem (Carey et al.,  1971) . Carey et al. reported a body temperature measurement for Lampris of only 1 C above surface ambient (depth of capture was not reported), but their measurement was almost certainly taken in the lateral body musculature. The presence of the possibly insulating adipose layer suggests that it would be of interest to determine the temperature of the pectoral red muscle in a living fish.
The bones of Lampris are cancellous and filled with oil, again predominantly triglyceride. For example, 73% of the dry weight of the lachrymal was oil. The oil alone is apparently not enough to confer neutral buoyancy, as there is a functional gas-bladder. Because of the presence of the gas-bladder, and uncertainty as to depth of capture, it was not possible to determine the relative buoyancy of our specimen.
Several authors have commented on the horizontal pectoral insertion of Lampris. Orkin (1950) cites Boulenger (1902) in stating that the pectoral cannot be raised above the midline, but the pectoral can in fact be completely appressed. The horizontal insertion of the stiff pectoral led Le Danois to hypothesize that Lampris must swim in a head-down attitude, in order to accelerate water backward on abduction, and thus progress. However, she did not consider that the adduction stroke would cancel any motion thus produced. In fact, the pectoral of Lampris, although stiff, does not have an absolutely fixed shape. There is a well developed arrector ventralis, with a strong tendon inserting on the bases of the first two rays. The superficial abductor, which in most fishes is relatively large and inserts on all the rays, here is reduced and inserts only on the posterior rays. These two muscles are well suited to control the angle of attack and camber of the fin, with the arrector inclining the anterior edge of the fin on the downstroke, and the superficial abductor and arrector dorsalis together causing the posterior edge of the fin to trail on the upstroke. This would provide the angle of attack necessary for the generation of lift and thrust (Gray, 1968:194-197 ). Flapping flight of necessity generates vertical as well as horizontal propulsive forces (Webb, 1973) . The large pelvic fins (1800 cm2 total area) which extend out from the body, with their surfaces parallel to the direction of forward motion, could act to dampen the resultant vertical oscillation. If the angle of attack could be varied slightly, the up and down forces would be converted to thrust. Whether this actually is the case can only be determined by observations on a living individual.
Neither the pectorals nor the pelvics can be rotated normal to the direction of motion. This means that they cannot act as brakes (as surmised by Orkin, 1950) as they do in most fishes (Harris, 1953) . Turning can be accomplished by using only one pectoral or, more likely, by inclining the caudal and posterior portions of the dorsal and anal to one side. We can envision no means by which sudden stops can be achieved. In the pelagic environment they may never be necessary. Orkin (1950) felt that normal cruising in Lampris is achieved by caudal-swimming, and that the pectorals are used for acceleration and manuevering. However at that time the functional significance of red and white muscle was not known. Judging from the relatively small size (1400 cm2) and high aspect ratio (6.6) of the pectorals, they should be high-speed, lowtorque devices. This leads us to the following hypothesis of swimming modes in Lampris. Low speed swimming is the function of the caudal fin and the lateral red musculature. Acceleration to cruising speed of a few body lengths per second is achieved by burst-swimming with the lateral white muscle and caudal, with the pectorals maintaining cruising speed. Increases in fast cruising speeds are probably also achieved by burst-swimming, with the pectorals maintaining the new rate.
The fin and muscle functions hypothesized here are of necessity inferential and can only be tested by observations of swimming, and temperature measurements, of living individuals. It is hoped that this paper may stimulate such observations. (Fig. 1) . On each ray they are arranged in a single row at the base of the ray, and then split into two rows when the ray splits into two branches. The tubercles are
